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Programmatic Updates 

Technology Milestone Whitepapers from 

TDEM 2009 and all background material 

available at 

      http://exep.jpl.nasa.gov/technology/ 

 

Updated Technology Plan: Fall 2011 

    Now revised for the 2011 ROSES 

    Strategic Astrophysics Technology 

    Solicitation 

 

Amended Strategic Astrophysics 

Technology (SAT) Solicitation 

     Released 22 December 2011 

 

Pre-Proposal Briefing Scheduled 

      Tues, 24 Jan 2012, 1:00 pm Eastern 

  

SAT-TDEM Proposals due 23 March 2012 
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Coronagraph Contrast Performance Achieved to Date 
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Infrastructure Upgrades in FY’11 

7 January 2012   4 

HCIT-1 

HCIT-2 APEP 

SIM chamber retrofit (HCIT-2) and new visible nuller chamber (APEP) provide augmented test 
capacity for starlight suppression demonstrations in JPL Building 318 high bay. 
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Olivier Guyon (Univ of Arizona)  
Phase Induced Amplitude Apodization   
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Coronagraph Technology Milestone #1: 

    Demonstration of ≤ 10-9 contrast with PIAA coronagraph at 2λ/D in laser light 

Current Status: 3×10-8 contrast @ 2-3 λ/D.  

Challenges:  Uncontrolled background, image motion. 

Coronagraph Technology Milestone #2: 

    Demonstration of ≤  0.01 λ/D pointing stability w/ Low Order Wavefront Sensor. 

Current Status:  Closed-loop tracking at 1.6 Hz, 0.03 f λ/D rms residuals. 

Challenges:  Hardware for closed-loop control in vacuum. 

Facility: High Contrast Imaging Testbed -2 , JPL. 

Future Work: Milestone #2 runs in 1/2012. Milestone #1 runs afterwards                              

then proceed with TDEM10 for 10-9 contrast at 2λ/D in 10% BWD. 

Trauger Guyon Krist Kendrick Clampin Kasdin Figer 

LOWFS uses light blocked by 

the focal plane mask to 

measure low order aberrations 

with high sensitivity 
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John Krist (JPL/Caltech)  
End-to-End Coronagraph Modeling 

Coronagraph Technology Milestone #1: 

    Demonstration of fast & accurate propagator for Hybrid Lyot, PIAA, and Vector Vortex coronagraphs 

    with ≤ 1% errors when compared to more rigorous reference algorithms, ≤ 48 hours to 

    compute 2-DM (48x48) 5-wavelength response matrix on a modern workstation. 

Coronagraph Technology Milestone #2: 

    Using propagators from Milestone #1, determine parameters for each coronagraph to achieve ≤ 10-10   

      mean contrast over λ = 500–600 nm in a realistically aberrated system with wavefront control. 
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Trauger Guyon Krist Kendrick Clampin Kasdin Figer 

Challenges: Design of Hybrid 

Lyot Masks has taken longer 

than anticipated. 

 

Current Status:  

1st Milestone: PIAA and Vector 

Vortex completed. Hybrid Lyot 

still in work. 

2nd Milestone: PIAA 

completed, Vector Vortex in 

progress. 
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Stephen Kendrick (Ball Aerospace)  
Advanced Speckle Sensing 

Coronagraph Technology Milestone: 

    Demonstration of ≤ 20% rms difference between contrast maps obtained using pinhole vs standard 

    DM phase diversity approach, with ≤10-8 contrast using Lyot Masks @ 10% BWD. 

Facility: High Contrast Imaging Testbed 1, JPL. 

Current Status: ≤10–8 contrast, 18 % rms difference at 10% BWD.  

Challenges: Bandwidth sensitivity. 

Future Work: Add incoherent background.  Milestone runs in 1/2012. 
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Trauger Guyon Krist Kendrick Clampin Kasdin Figer 

800 nm 

820 nm 

840 nm 

780 nm 

760 nm 

Sliding  

binary  

mask 

DM  

Diversity 
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Diff. 

Mean broadbd 

contrast 
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Mark Clampin (NASA GSFC)  
Visible Nulling Coronagraph 

Coronagraph Technology Milestone: 

    Demonstration of ≤ 10-8 monochromatic contrast through visible nulling. 

Facility: Visible Nulling Coronagraph Testbed, NASA GSFC. 

Current Status: 1.5 x 10-6 @ 2λ/D contrast monochromatic.  New DM 

    installed in Dec. 2011. 

Challenges: State of the art in segmented DMs. 

Future Work: Complete milestone in 2012, follow-on with R. Lyon TDEM. 
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Trauger Guyon Krist Kendrick Clampin Kasdin Figer 

Suppression at ~2 λ/D 

of 1.50 x 10-6 
Can move dark hole 

   around at will via DM 

Dark hole at 2 λ/D 

Focal Plane image 

Results shown 

with previous DM 

New DM has 100% of  

segments working (163) 

New DM now installed 

Results shortly. 

sidelobes 

@ 15 λ/D 

Focal Plane Image thru Spatial Filter Array 

Image is  

coherent 
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N. Jeremy Kasdin (Princeton Univ.)  
Advanced Starshade Technology 
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Trauger Guyon Krist Kendrick Clampin Kasdin Figer 

Starshade Technology Milestone: 

    Demonstrate through mechanical 

    measurements on a single petal made of 

    flight-like materials using optical 

    simulations based on those 

    measurements that contrasts of 

    ≤ 3 × 10-10 at the inner working angle 

can    

    be achieved.     

Facility: Assembly Handling Facility  

    (Bldg 299), JPL. 

Current Status: Mechanical structure 

    complete, and optical edges have been 

    fabricated & installed. The first round of 

    measurements have been completed. 

Challenges: Mechanical measurements 

      over a large structure. 

Future Work: Milestone measurements  

      to be completed in 1/2012. 
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Donald Figer (Rochester Inst. Technology)  
A Photon Counting Detector for Exoplanet Missions 

Detector Technology Milestone: 

    Demonstrate the performance of a 256 x 256 zero-read noise (Geiger mode) avalanche 

    photodiode after radiation testing.  The device must demonstrate a baseline photon detection 

    sensitivity of at least 35% at 350 nm, 50% at 650 nm, and 15% at 1000 nm. 

Facility: MIT Lincoln Laboratory and Rochester Institute of Technology 

Current Status: A silicon 256x256 diode array has been bonded to a Read Out Integrated Circuit;  

     the array has been hybridized and tested; a first light image has been obtained with good  

     response in the 300–1000 nm range. 

Challenges: Scaling to larger number of pixels (1024x1024).  

Future Work: Radiation testing in 2012. 
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Trauger Guyon Krist Kendrick Clampin Kasdin Figer 
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TDEM 2009 – Reporting of Final Results 

• At the end of the TDEM09 demonstrations, Principal Investigators will 

deliver:  

– Milestone Report 

or 

– Final report describing accomplishments 

 

• All reports will be reviewed by ExEP Technology Assessment 

Committee (TAC) 

 

• All reports will be posted on the ExEP website 

– http://exep.jpl.nasa.gov/technology/ 
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TDEM10 – Award Summary 
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Principal 

Investigator 
Title 

Lead 

Institution 

ExEP 

Facility 

Serabyn 
Demonstrations of Deep Starlight Rejection with a 

Vortex Coronagraph 
JPL HCIT- 1 

Shaklan 
Coronagraph Starlight Suppression Model Validation:  

Coronagraph Milestone #3A 
JPL HCIT -1 

Kasdin 
Integrated Coronagraph Design and Wavefront Control 

using 2 Deformable Mirrors 
Princeton HCIT-1 

Guyon 
Advances in Pupil Remapping (PIAA) Coronagraphy: 

Improving Bandwidth, Throughput and Inner Working 

Angle (B. Kern) 

U of A HCIT -2 

Sandhu 
Visible Nulling Coronagraph (VNC) Technology 

Demonstration Program 
JPL APEP 

Kasdin 
Verifying Deployment Tolerances of an External 

Occulter for Starlight Suppression (S. Shaklan) 
Princeton x 

Lyon 
Compact Achromatic Visible Nulling Coronagraph 

Technology Maturation 
GSFC x 

Bierden 
MEMS Deformable Mirror Technology Development for 

Space-Based Exoplanet Detection 

Boston 

Micromachines 
x 

Helmbrecht 
Environmental Testing of MEMS Deformable Mirrors 

for Exoplanet Detection 
IRIS-AO x 
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Coronagraph Contrast Performance Achieved to Date 
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AAS Poster Session: Exoplanet Mission Technologies 
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Monday, 9 Jan 2012 

9:00 AM – 6:30 PM 
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Tuesday, 10 January 2012, 6:30 PM – 8:00 PM 
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